AN EXPERIMENTAL STUDY OF THE EFFECT OF CHOLE-CYSTGASTROSTOMY ON GASTRIC ACIDITY by Grey, Ernest G.
AN  EXPERIMENTAL  STUDY OF THE EFFECT OF CHOLE- 
CYSTGASTROSTOMY ON  GASTRIC  ACIDITY. 
BY ERNEST G. GREY, M.D. 
(F~om the Laboratory of Surgical Research of the Harvard Medical  School, and th~ 
Surgical Sereice of the Peter Bent Brigham Hospital,  Boston.) 
(Received for publication, July 26,  1915.) 
LN~RODUCTION. 
The beneficial effects of gastro-enterostomy  on ulcer of the stomach 
and duodenum are variously explained, some authorities maintain- 
ing that they result from a more complete and rapid evacuation of 
the stomach, others that the effect is due mainly to chemical changes 
in the gastric contents which result in a reduction of the total acidity. 
Between these two hypotheses there is still another view which attrib- 
utes the improvement to a combination of both factors.  W.J. Mayo, 
for example, believes that gastrojejunostomy not only affords better 
drainage but also alters the physiology of the stomach in a favorable 
way.  In a  similar manner Hartmann and Lecene, Noetzel,  Collin- 
son, and others hold that a partial neutralization of the gastric acidity 
results from the reflux of jejunal contents into the stomach.  Finney 
and Friedenwald, who have recently drawn attention to the advan- 
tages of pyloroplasty over gastro-enterostomy, report a reduction of 
hyperacidity as one of the favorable results from this operation. 
The secretions held responsible for this chemical change are bile, 
the pancreatic juice,  and the  juice from the  duodenal mucosa.  It 
has long been recognized that varying amounts of the duodenal con- 
tents  are  normally present in  the  stomach following  operations of 
this nature; thus Kansch, Carle and Fantino, Kaiser, Hartmann and 
Lecene,  and  numerous  others  have  regularly observed  bile  in  the 
gastric contents in these cases. 
If it be true that the regurgitated duodenal or jejunal secretions 
exert a favorable physiological influence on the gastric contents it is 
likely that  this  change consists of a  reduction of the total  acidity. 
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Such a change might be due to either one of two factors, or to a com- 
bination of them.  First, any one or more of the secretions normally 
present in  the duodenum on reaching the stomach might lead to  a 
reflex decrease in the production of gastric juice.  Second, since the 
duodenal contents are alkaline,  any one or more of these secretions 
might neutralize the acid chyme of the stomach. 
The purpose of the investigations reported here has been to deter- 
mine if possible whether bile when it is introduced into  the stomach 
plays a significant part in reducing the acidity of the gastric contents. 
The  importance  of  the  pancreatic  and  duodenal  secretions in  this 
respect have been lef~ for further studies. 
HISTORICAL. 
The effect of the bile salts on gastric secretion has been studied clinically by 
Glaessner.  After feeding sodium choleate to patients with hyperchlorhydria he 
noted a definite decrease in the acidity of the stomach contents. 
Palfrey reports favorable results  from feeding salol-coated pills  of ox bile to 
patients with hyperacidity.  He attributes this improvement to a neutralization 
by bile of the  acid  stomach  contents  when  they reach  the  duodenum.  That 
both human and bovine bile stimulate  the secretion of bile has been shown by 
Pfaff and Balch. 
Boldyreff showed experimentally  that  regurgitations  of pancreatic  juice and 
bile occur regularly after the ingestion of much fat, and in the presence of a large 
amount of free acid--hydrochloric and fatty--in the stomach, and suggests that 
the backward flow of alkaline duodenal contents may represent  an attempt on 
the part of the body to neutralize the unusual acidity of the stomach. 
Opposed to the findings of Glaessner are the results from certain experiments 
performed by L~nnqvist.  He fed dogs prepared with Pawlow pouches with bile 
obtained from other animals having biliary fistul~e and found that it stimulated 
the secretion of gastric juice to the same degree as water;  that is,  the acidity 
and the digestive power of the juice collected after the ingestion of bile corre- 
sponded  closely to the  acidity and  the  digestive  power of that  obtained  after 
the injection of water.  The contents of the main stomach, however, subsequent 
to the ingestion of bile showed almost no digestive power, due to the precipitation 
of the pepsin by the bile. 
Wiedemann anastomosed the gall bladder to the stomach in a dog and studied 
the  gastric contents by means  of a  gastric fistula.  While single examinations 
occasionally showed a slight decrease in the total acidity, others revealed an occa- 
sional increase.  He concludes that  the acidity of the gastric contents, at least 
when milk and eggs are fed, is not appreciably affected by diverting the bile into 
the  stomach. ERNEST G. GREY  17 
The effect of bile on the gastric mucosa  has  been studied  by a  number of 
workers.  Rywosch concluded from feeding bile to chickens and rabbits that the 
introduction of large amounts might be very injurious to the stomach, whereas 
small  amounts probably produce no ill effects.  In the higher animals  there is 
considerable  evidence to show that bile exerts no injurious influence on the nor- 
mal mucosa.  0ddi,  Dastre,  and  Smith diverted the bile from the duodenum 
into the stomach in dogs and noted no pathological changes in the gastric wall. 
0ddi also fed large amounts of ox bile to dogs for many days with similar results. 
In their cholecystgastrostomy experiments Dastre and Wiedemann analyzed the 
gastric contents and found digestion unaffected by the bile.  Smith emphasizes 
the importance of mucus as a means of protecting the stomach against the action 
of chemical agents.  While the introduction of weak hydrochloric acid and bile 
separately never led to lesions  of the mucosa,  combinations of the two, when 
injected into the stomach during the course of digestion (mucus being probably 
less abundant at this time), usually resulted in some necrosis of the epithelium. 
Cannac, Ma~ o, Mocquot, and others have reported an absence of ill effects 
following tb  %lastomosis of the gall bladder to the stomach in dogs.  Clinical 
experience has  afforded similar  results  in  man.  Kehr, Jaboulay,  Eichmeyer, 
Jacobson, and numerous other  surgeons  have  found  this  operation  in  many 
instances to be preferable to cholecystenterostomy. 
Methods Employed. 
While Chigin has shown that the course of secretion in the smaller 
Pawlow  stomach  exactly  corresponds  to  that  in  the  larger,  it  was 
thought  that  by  following  the  gastric  secretion  in  both  stomachs 
before  and  after  the  administration  of bile  each set  of experiments 
would  serve  as  a  check  on  the  other.  Accordingly  the  work  was 
divided into  two parts.  In  one series  of animals  pure gastric  juice 
was obtained from Pawlow pouches.  So far as can be ascertained this 
method has not been used for investigating the gastric acidity in the 
presence of a  cholecystgastrostomy.  In  the  other series the  gastric 
contents were obtained by injecting apomorphin hypodermically, as 
suggested  by  Hamburger  and  Friedman  in  their  work  on  pyloric 
stenosis.  Analyses were made  throughout  the  various stages  of di- 
gestion by repeating the test meal on different days, the stomach be- 
ing emptied each day at a  different interval after the ingestion of the 
food.  An interval of one or more free days was always allowed be- 
tween such analyses. 
Great care was  taken in forming the miniature Pawlow  stomachs 
to prepare with  a  broad base the flap of the stomach  wall used for 18  CHOLECYSTGASTROSTOMY 
the pouch so  that  the pedicle of muscularis and peritoneum might 
carry an ample nerve supply to  the pouch.  It was found that  the 
erosion  of  the  abdominal  wall  about  the  pouch  opening  could  be 
greatly minimized by leaving a  full cuff of mucosa projecting above 
the surface of the  abdomen.  From  a  series of more than  a  dozen 
dogs prepared in this manner three were found to be satisfactory in 
every way for the investigation. 
Bile was supplied by ligating and dividing the common duct and 
anastomosing the gall bladder with the stomach.  The normal color 
of the stools, the absence of jaundice, and the patency of the anasto- 
mosis at autopsy proved that all of the bile had entered the alimen- 
tary tract via the stomach. 
The  operations  were  conducted under  full  ether  anesthesia.  In 
the animals reported here the wounds all healed by primary intention. 
The analyses were made with dimethylamidoazobenzol and phenol- 
phthalein.  In  the  tables  the  results  are  expressed in terms of  cc. 
of N/10 sodium hydroxide--acidity per cent.  Ten minutes after the 
ingestion  of  the  test  meal  the  dog  was  placed in  its  canvas  ham- 
mock and  a  collection of gastric  juice was  started.  Analyses were 
carried out at fifteen minute intervals. 
It  is  hardly necessary to  add  that  an  ample period  of time was 
allowed after each of the operations in order that the animals might 
completely recover before the secretory activity of the stomachs was 
investigated. 
The  Effect  of  Cholecystgastrostomy on  Gastric Acidity. 
The Quantity and the Acidity of the Gastric Juice.--Table I is repre- 
sentative of the results obtained from following the gastric secretion 
by means of Pawlow pouches.  Numerous examinations were made 
both before (controls) and after the diversion of the bile stream into 
the stomach.  While slight variations from the controls were noted 
at times after the cholecystgastrostomies the minor degrees of hypo- 
acidity were fully counterbalanced by slight degrees of hyperacidity. 
As a whole this method yielded very constant results. 
The figures in Experiments IV and XlII are from the protocol of 
Dog II.  Those in Experiment XlII were obtained four weeks sub- EgNEST  G.  GgEY  19 
sequent to the ligation and division of the common bile duct and the 
anastomosis  of the gall bladder  to the  stomach.  On comparing  the 
two  tables  it  is  evident  that  there  was very little  difference in  the 
amounts of gastric juice secreted from the small stomach  before and 
after  the  operation.  During  the  last hour  and  a  half of the  collec- 
TABLE  I. 
Dog II. 
Experiment IV.*  Experiment XIII.* 
Before choleeystgastrostomy.  After cholecystgastrostomy. 
7.45 
8.00 
8.15 
8.30 
8.45 
9.00 
9.15 
9.30 
9.45 
10.00 
10.15 
10.30 
10.45 
11.00~ 
11.15j 
11.30 ~ 
11.45 
12.00 
12.15 
Com-  Free  bined  Tot~  Free  Corn-  Total  Time.  Juice.  acidity.  Time.  Juice.  [  acidity,  bined  acidity,  acidity.  acidity,  acidity. 
CC.  ~. 
5.5  110  10  120  7.15  7.0  105  10  115 
10.0  140  5  145  7.30  9.0  135  5  140 
6.0  145  5  150  7.45  10.5  150  5  155 
6.0  140  5  145  8.00  6.5  145  5  150 
5.0  135  10  145  8.15  4.7  140  5  145 
3.2  130  10  140  8.30  3.3  125  10  135 
4.0  130  10  140  8.45  3.1  130  5  135 
4.0  125  10-  135  9.00  3.0  120  I0  130 
3.0  110  10  120  9.15  3.0  115  10  125 
2.6  125  5  130  9.30  2.8  115  10  125 
3.0  120  10  130  9.45  2.5  120  10  130 
3.1  120  5  125  10.00  2.6  115  5  120 
2.7  120  10  130  10.15  2.5  105  10.  115 
10.30  2.2  100  10  110 
3.4  115  10  125 
10.45  2.0  95  10  105 
11"00 t  3.1  95  5  100  2.7  115  5  120  11.15 
J 
11.30~ 
1.0  110  5  115  11.45J  2.0  90  10  100 
* Test meal: chopped meat 150 gin. and water 140 cc. 
tions the total acidity was somewhat lower in Experiment XlII.  This 
feature, however, was not constant  throughout  the  experiments, but 
was found to vary with the period of convalescence.  Where the curve 
of  secretion  was  investigated  soon  after  the  cholecystgastrostomy 
(three  to  four  weeks),  figures  were  obtained  such  as  are  recorded 20  CHOLECYSTGASTROSTOMY 
here.  Where  analyses  were  made  at  later  periods,  on  the  other 
hand,  the  acidity values rose  to  a  higher  level.  Two  and  one-half 
months  subsequent  to  the  operation  no  appreciable  difference  was 
noted in the figures obtained during  the last hour and a  half of the 
collections when these were compared with those secured previous to 
the gall  bladder  anastomosis.  At this  later date,  nevertheless,  dur- 
ing  the  first  three  hours  of digestion  a  very slight  rise  in the  total 
acidity was frequently found. 
These results indicate  then that bile when present in the  stomach 
in  considerable  amounts  during  digestion  exerts  no  appreciable  in- 
fluence on  the  secretion  of gastric  juice,  and  has  no  significance  in 
decreasing  the  acidity of the gastric  contents,  at least with a  diet of 
meat  and  water.  While it  is problematical  just  what quantity  of 
bile reaches the stomach during  this phase of digestion in such ani- 
mals,  it  appears  likely that  the  acid  chyme entering  the  duodenum 
serves  to  activate  the prosecretin  as usual,  and  in  this  way  stimu- 
lates a more or less normal secretion (Howell). 
Foster and Lambert have called attention  to the slight individual 
variations  noted  among dogs fed on the same kind  of food, both in 
the amounts of secretion and in the percentage content of acid.  They 
conclude that the only evidence of limitatl"on of function that we can 
gain must depend,  to be of  value, upon an" average  computed  from 
the data for a number of animals.  In the experiments reported here 
this feature has no essential bearing on the results since comparisons 
of the data from one animal were not made with those from another. 
In each dog an average of the findings obtained during  a  number of 
tests before choleCystgastrostomy was contrasted with that  obtained 
from  a  similar  series  of  experiments  conducted  subsequent  to  the 
operation.  As a matter of fact the data from the three animals showed 
very slight differences. 
Each  of the  three  dogs reacted  well  to  the cholecystgastrostomy. 
There was no appreciable vomiting at any time and in each instance 
on  the  day following  the  operation  the  animal  drank  its  allowance 
of broth.  During  the course of the experiments the stools remained 
colored and of normal consistency.  The general nutrition  of the ani- 
mals  continued  good  throughout  the  following months.  In  one in- 
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The Acidity  of the Gastric Contents.--The  figures in Table  II  are 
from the protocol of Dog VI.  They illustrate  the  average results 
obtained from following the acidity of the gastric contents before and 
after the diversion of the bile stream into the stomach.  Here again 
subsequent to the cholecystgastrostomy variations from the controls 
were noted, both decreases and increases in the total acidity.  These 
counterbalanced one another well,  however, showing no appreciable 
average deviation from the normal.  As a whole, the fluctuations in 
acidity were somewhat greater with this method. 
TABLE  II. 
Dog VI. 
Experiment II.* 
Before choleeyst  gastrostomy. 
Hours after 
feeding. 
1 
2 
3 
q 
5 
6 
7 
Free 
acidity. 
0 
0 
18 
25 
21 
32 
20 
15 
Combined 
acidity. 
56 
49 
50 
46 
69 
42 
38 
30 
Total 
acidity. 
56 
49 
68 
71 
9O 
74 
58 
45 
Experiment V.* 
After cholecystgastrostomy. 
Hours after 
feeding. 
I 
2 
3 
q 
5 
6 
7 
8~,~ 
Free 
acidity. 
0 
8 
21 
25 
16 
31 
17 
9 
Combined 
acidity. 
65 
62 
68 
40 
87 
41 
50 
29 
Total 
acidity. 
65 
70 
89 
65 
103 
72 
67 
38 
* Test meal: chopped meat 100 gin. and water i00 cc. 
Experiment II presents the data secured about three months sub- 
sequent  to  the  anastomosis of  the  gall  bladder with  the  stomach. 
At this postoperative period the analyses showed a slightly increased 
acidity of the gastric contents as compared with the data obtained 
previous to the cholecystgastrostomy.  The same inclination toward 
a hypersecre.tion was noted in the other two animals at corresponding 
periods.  The  results  were  a  little  different,  however,  when  the 
analyses were made at shorter intervals after the operations.  At the 
end of four or five weeks the acid values averaged slightly lower than 
those secured with the stomach in its normal state.  The acidity of 
the gastric contents then increased somewhat as  the weeks passed. 22  CHOLECYSTGASTROSTOMY 
In no dog of the series was any marked or permanent  decrease in the 
acidity found. 
As  a  rule  the  test meals  secured  after  the  cholecystgastrostomies 
closely  resembled  macroscopically  those  obtained  previous  to  the 
operations,  except  for  a  slight  yellowish  tint  of  the  fluid  portions. 
Occasionally a  trace of free bile was evident. 
Two of the  dogs showed some temporary effects from  the  anasto- 
moses.  There was urgent emesis during  the first twenty-four hours, 
and  an  occasional  emptying  of  the  stomach  in  the  course  of  the 
next  few  days.  With  this  was  coupled  a  striking  anorexia.  As  a 
result the nutrition  of both animals was decidedly affected.  During 
the  second  week,  however,  as  the  appetite  improved  each  dog put 
on  weight  and  became more  active.  The  third  dog manifested  no 
ill  effects of any  kind.  Throughout  the  course  of  the  experiments 
the  stools  remained  colored  and  of  normal  consistency.  Three  or 
four weeks after the operations the dogs were all well nourished and 
showed no disturbances of their gastro-intestinal  tracts. 
Postmortem examinations  in both series of animals  showed an  ob- 
literated  common  bile  duct  with  a  patent  communication between 
the  gall  bladder  and  the  stomach  in  each  instance.  The  gastric 
mucosa showed no pathological changes. 
SUMMARY  AND  CONCLUSIONS. 
It has  been  shown  that  small  amounts  of the  digestive secretions 
normally present in the duodenum regurgitate into  the stomach  fol- 
lowing operative anastomosis between the stomach and the upper in- 
testinal tract.  As the duodenal contents are alkaline in reaction this 
reflux is thought by many to result in a decrease in the acidity of the 
gastric contents. 
The purpose of the investigations reported here has been to deter- 
mine the effect of bile on the acid chyme of the stomach.  By means 
of a  cholecystgastrostomy with ligation  and  division of the  common 
bile duct in six dogs the bile was diverted from the duodenum into the 
stomach.  The secretion of gastric  juice and  the  acidity of the gas- 
tric contents throughout  the period of digestion were followed before 
and after the  anastomoses.  For this purpose three of the dogs were ERNEST  O. GREY  23 
provided  with  Pawlow  stomach  pouches.  In  the  three  remaining 
animals the test meals were recovered by using apomorphin injections. 
The results from the two series of  experiments agree.  They indi- 
cate, at least with a  diet of meat and water, that bile when it is pres- 
ent in the stomach throughout the course of digestion has no appre- 
ciable effect on the acidity of the gastric contents. 
While  the  anastomosis  of  the  gall  bladder  to  the  stomach occa- 
sioned some temporary anorexia and vomiting in two of the dogs, the 
four remaining animals bore the operation well.  Three or four weeks 
subsequent to the operation the digestion and the nutrition appeared 
normal in each instance. 
Postmortem examinations revealed no pathological changes in  the 
gastric mucosa. 
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